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In the Claims : 

1. (CURRENTLY AMENDED) A chemical process system comprising: 

a firot ohemiool roQotor ooroprioing mioroohonn e la adapted to bo in fluid 
oommunioation with an inl e t Dtroam ond on outiot otroom for oorrying out a oontinuoiia 

Q prosguTO ve sse l at - l e oDi paniolly oontaining iho firot oh e mioal roootoi* ther e in, tho 
pc ess w e vess e l oonourrontly odftpt e d to b e oooupiod by on in e rt modium to oomprooo the 
roioroohonnelD of th e firoi ohomiool roaoton ond 

a purgo gtroQin adapt e d to bo in fluid oommunioation vrfth an in e rt modium pouroo 
fof o e lootivoly oonvoymg tho in e rt medium from tho in e rt medium oouroo and into fluid 
oommunioation vvitfa th e firot ohomiool roaotor; 

a heat e xohang e rv hous e d at loaat partially within the preflouro vosool, in fluid 
oommunioation with tho first ohomiool r e actor; 

wh e re th e mioroohannela aro ioo t at e d fi'om an interior of tho pres s ur e v e DOolt 

a pressure vessel including a wall: 

a first microchannel module mounted within the pressure vessel and including at 
least two sets of isolated microchanncls: 

a steam conduit extending through the pressure vessel wall and into 
conununication with a first set of isolated microchannels of the first microchannel 
module: 

a hydrocarbon conduit extending through the pressure vessel wall and into 
communication with the first set of isolated microchannels of the first microchannel 
module: 

a fiiel conduit extending through the pressure vessel wall and into communication 
with a second set of isolated microchannels of the first microchannel module: 

an oxygen source conduit extending through the pressure vessel wall and into 
communication with the second set of isolated microchannels of the first microchannel 
module: 
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a product conduit in communication with the first set of Isolated microchannels 
and extending throuph the pressure vessel wall for convevina products from the first set 
of isolated microchannels: 

an exhaust conduit in communication with the second set of isolated 
microchannels and extending through the pressur e vessel wall for convevina exhaust 
from the second set of isolated microchannels: 

wherein the first set of isolated microchannels is in the mial communication with 
the second set of isolated microchannels: and 

wherein the fiyst set of isolated microchannels houses a steam reformation 
catalyst 

2-6. (CANCELLED) 

7. (CURRENTLY AMENDED) The chemical process system of claim 1, wherein the 
first oh e miool reactor mic_ro_chatinel module is at least one of cooled and heated at least in 
part bv ^ie4aeFt a compressive medium present within the pressure vessel and around the 
first microchannel module . 

8. (CURRENTLY AMENDED) The chemical process system ofclaim + 7, wherein the 
ieert compressive medium includes at least one of helium, neon, argon, krypton, xenon, 
and nitrogen. 

9. (CURRENTLY AMENDED) The chemical process system of claim 4- 7, wherein the 
msfi compressive medium includes water. 

10. (CANCELLED) 

1 1 . (CURRENTLY AMENDED) The chemical process system of claim L wherein 
the catalyst comprises at least one of a catalytic lining, a catalytic pellet, and a catalytic 
insert. 
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12. (CURRENTLY AMENDED) The chemical process system of claim + 7, wherein 
the i»efl compressive medium within the pressure vessel is adapted to be in fluid 
communication with at least one of a pump and a compressor. 

13. (CURRENTLY AMENDED) The chemical process system of claim 4- 1, further 
comprising a controller operatively coupled to a first sensor monitoring an internal 
pressure within the pressiu'e vessel and a second sensor monitoring an internal pressure 
within the first ohomiool roootor set of isolated microchannels. wherein the controller is 
responsive to data generated by the first sensor and the second sensor to operate the 
pressure vessel at a higher pressure than the first ohomionl roaotor set of isolated 
microchannels, 

14. (CURRENTLY AMENDED) The chemical process system of claim 13, wherein the 
controller is operatively coupled to a vent valve in fluid communication with the pressure 
vessel to selectively vent at least a portion of the compressive medium within the 
pressure vessel to decrease the internal pressure within the pressure vessel. 

15. (CURRENTLY AMENDED) The chemical process system of claim 13, wherein the 
controller is operative to detect a leak within the first ohamioal roactor set of isolated 
microchannels from the data generated by at least one of the first sensor and the second 
sensor. 

16. (CANCELLED) 

17. (CURRENTLY AMENDED) A chemical process system comprising: 

a first unit operation including mioroohonnols adapted to bo in fluid 
oommunioQtion an inl e t str e am.^ and an outlet Qtrcam; 

a SQOond unit operation in thermal oommunication with th e firot unit operation - 

and 
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a preaBure vooool at loast partiolly-oontoining the firat unit op e ration thoroin and 
odaptod to bo oonourr e ntly oooupiod b>' a oomproDoivo modium adaptod to maintain tho 
firot unit opomtion in oompr ess i^ 

■ ^ ^ 4^r e th e mioroohannolo oro iiaolatod from an intorior of tho pregguro vosool 

a pressure vessel having an inierior: 

a steam conduit extending in to the interior of the pressure vessel: 

a hydrocarfaon conduit extending into the interior of the pressure vessel: 

a fuel conduit extending into the interior of the pressure vessel: 

an oxygen source conduit extending into the interior of the pr essure vessel: 

a product conduit extending into the interior of the pressure vessel: 

an exhaust conduit extending into the int erior of the pressure vessel ; 

a first microchannel module includinp 

a first set of micTocharmels fluidicallv isolated from the interior of the 
pressure vessel and in commiimcation with the steam conduit via a steam 
manifold- the hydrocarbon conduit via a hydrocarbon manifold, and the product 
conduit via_a product manifold, the first set of microchannels including a first 
steam refomiation catalyst: and 

a second set of microchannels fluidicaJl y isolated from the interior of the 
pressure vessel and in communication with the fuel conduit via a fluid manifold, 
the oxygen source conduit via an oxygen source manifold, and the exhaust 
conduit via an exhaust manifold, the second set of microchannels being in thermal 
communication with the first set of microchannels: and 
a second microchannel module fluidically arranged in parallel with the first 
microchannel module and including 

a third set of microchannels fluidically isolated from the interior of the 
pressure vessel and in communication with the steam conduit via the steam 
manifold, the hydrocarbon conduit via the hydrocarbon manifold, and the product 
cijnduit via the product manifold, the third set of microchaimels including a 
second steam reformation catalyst: and 

a fourth set of microchannels fluidically isolated fiom the interior of the 
pressure vessel and in communication with the ftiel conduit via the fuel manifold. 
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the oxygen source conduit via the oxvaen source manifold, and the exhaust 
conduit via the exhaust manifold, the fourth set of microchannels being in thermal 
communication with the tliird set of microchannels. 

18» (CURRENTLY AMENDED) The chemical process system of claim 17, wherein the 
second unit opomtion set of microchannels includes at looflt ono of a heat exchanger end a 
ohemioal r e actor . 

19. (CANCELLED) 

20. (CURRENTLY AMENDED) The chemical process system of claim W M* wherein 
the o e oond unit op e ration oloo inolud e a q heat exchanger facilitating facilitates thermal 
energy transfer between the second unit operation set of microchannels and the first ttmt 
operation set of microchannels . 

21. (CANCELLED) 

22. (CURRENTLY AMENDED) The chemical process system of claim 17, further 
comprising a purge stream adapted to be in fluid communication with the a compressive . 
medium within the pressure vessel and in selective fluid communication with the first 
unit op e ration set of microchannels and the third set of microchannels . 

23'-25. (CANCELLED) 

26. (CURRENTLY AMENDED) The chemical process system of claim SS' 12, wherein: 
the fir s t unit op e ration includ e s - a oh e mioal roaotor; 

tfa ^ firat - un i t - op e rotion inoludoa a catalyst in gories with the microohonn e lfl thoroof jt 

the first catalyst and the second catalyst oompris e B include at least one of a 
catalytic lining, a catalytic pellet, and a catalytic insert. 
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27-28. (CANCELLED) 

29. (CURRENTLY AMENDED) The chemical process system of claim 3§ 17, wherein: 

at least one of (he microchannels of the first unit operation set of microchannels or 
the and the mioroohonnelo of the second unit op e ration set of microchannels include a 
catalyst in series therewith; and 

the microchannels at least one of upstream of the catalyst and downstream from 
the catalyst comprise a heat exchanger. 

30. (CANCELLED) 

31. (CURRENTLY AMENDED) The chemical process system of claim 30 17, wherein 
thn ffiWnohnnnnU nf the first unit op e mtkm set of microchannels oro adapted to oorrv a 
first fluid m a firot dir e ction and th e mioroeh a ttn e k -ef the second unit op e rotion set of 
microchannels are adapted to oony a sooond fluid in a aeoond dir e otion, oppo s it e th e fir s t 
direotion configured in a counter-flow arrangement. 

32. (CURRENTLY AMENDED) The chemical process system of claim 35 17, further 
comprising a controller to regulate an internal pressure within the pressure vessel. 

33. (CURRENTLY AMENDED) The chemical process system of claim 17, wherein the 
pressure vessel includes a recycle stream for cycling the a compressive medium into and 
out of the pressure vessel. 

34-47. (CANCELLED) 

48. (CURRENTLY AMENDED) The chemical process system of claim 1, wherein: 

a controller operatively coupled to at least a first system sensor detecting an 
internal pressure within the first ohcmioal reootor set of isolated microchannels and a 
second system sensor detecting an internal pressure within the pressure vessel, the 
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controller being responsive to data generated by the first system sensor and the second 
system sensor to adjust the internal pressure within the pressure vessel. 

49-52. (CANCELLED) 

53. (CURRENTLY AMENDED) The chemical process system ofclaim 48, wherein 

the controller is operatively coupled to a control valve in fluid communication 
with the inert a compressive medium source and upstream from the pressure vessel to 
selectively provide the innl compressive medium to the vessel and increase the internal 
pressure therein in response to data received from the first sensor and the second sensor; 
and 

the pressure vessel includes an outlet stream including a vent valve in series 
therewith to vent excess pressurized me^ compressive medium from the pressure vessel: 

54. (CURRENTLY AMENDED) The chemical process system of claim 1, wherein the 
pressure vessel includes a purge valve in series therewith^ operatively coupled to the 
controller, and in selective fluid communication with the first ohomioal roaotor set of 
isolated microchannels . 

55-56. (CANCELLED) 

57, (PREVIOUSLY PRESENTED) The chemical process system of claim 1, wherein: 

the pressure vessel includes a recycle stream; and 
the recycle stream is in series with at least one of a compressor^ a pump, a 
condenser, and an external heat exchanger. 

58. (CURRENTLY AMENDED) The chemical process system of claim 1, wherein the 
pressure vessel includes at least one refurbishment line to refurbish a the catalyst in oorioo 
¥i4{h the first chomiool reactor set of isolate d microchannels. 



59-60. (CANCELLED) 
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61. (CURRENTLY AMENDED) The chemical process system of claim 1, wherein: 

at least one microchannel of the first ohomiool roaotop set of isolated 
microchannels is adjacent to at least one microchannel of the h e at e xohoneor second set 
of isolated microchannel s and is in thermal communication therewith; 

the first ohomioal roootor set of isolated microchannels includes at least one of a 
mixer, a chemical separation unit, and an integral heat exchanger. 

62. (CURRENTLY AMENDED) The chemical process system of claim 61. wherein: 

the first e homiooJ r e actor catalyst includes at least one of a catalytic lining, a 
catalytic pellet, and a catalytic insert. 

63. (CANCELLED) 

64. (CURRENTLY AMENDED) The chemical process system of claim 1, vydierein: 

the pressure vessel is generally cylindrical in shape; and 
the first chemical r e actor microchannel module is generally rectangular in cross- 
section. 

65. (CANCELLED) 

66. (CURRENTLY AMENDED) The chemical process system of claim 60 i, whereim 

the fiTDt ohomioal reactor is adapt e d to r e c e ive a firot roaotant f ee d via the inlet 

s tr e am; 

tho hoat QKohangor includ es a s e cond ohemioal reactor adapt e d to r e oeivo a gocond 
r e aotant f ee d via th e s e cond inl e t stream ? 

tlio first chemical reactor and tho o e e e ftd ch e mical r e actor ore adopted to bo 
maintoinod in compr e ssion by the in e rt m e dium within the pr es sur e vesoel; and 

at loaot ono of th e first ohemioal r e actor ond tho second oh e mieol roaotor the first 
microchannel module comprises a plurality of laminated sheets. 
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67. (CANCELLED) 

68. (CURRENTLY AMENDED) The chemical process system of claim 67 L wherein 
the presaure vessel includes a compressive medium inoludos includinp water and the 
pressure vessel U an elevated temperature water source. 

69. (CURRENTLY AMENDED) The chemical process system of claim 671, wherein 
the pressure v essel includes a compressive medium and the compressive medium 
includes an inert medium. 

70. (CURRENTLY AMENDED) The chemical process system of claim 67 1, wherein 
the first ohomiool roaotor set of isolated microchannels accommodates a throughput of 
between 100 liters per hour to approximately 10,000 liters per hour. 

71. (CURRENTLY AMENDED) The chemical process system of claim 671, further 
comprising a vent valve in fluid communication with the pressure vessel, 

72. (CURRENTLY AMENDED) The chemical process system of claim 67 1, further 
comprising a controller operatively coupled to sensors associated with the pressure vessel 
and the first chemical reactor, wherein the controller is operative to maintain an internal 
pressure within the pressure vessel to be greater than an internal pressure within the first 
chemical r e actor set of microchannels . 

73. (CURRENTLY AMENDED) The chemical process system of claim 67 1, fiulher 
comprising a purge stream providing selective fluid commvmication between an interior 
of the pressure vessel and an interior of the first chemical r e actor set of isolated 
micyochannels. 

74. (CURRENTLY AMENDED) The chemical process system of claim 67 i, farther 
comprising a recycle stream for cycling the a compressive medium into and out of the 

Page 10 of 18 

PAGE 12/20 ' RCVD AT 10116/2008 3:24:46 PM [Eastern Daylight te^ 



10/16/2008 15:20 FAX 513 381 0205 TS&H CINCINNATI l2j013/020 



AMENDMENT ACCOMPANYING RCE 
Serial No. 10/774,298 
Docket No. VEL03-GN003 

pressure vessel, wherein a heat exchanger is in thermal communication with the recycle 
stream. 

75-96. (CANCELLED) 

97. (NEW) The chemical process system of claim 1 , wherein the steam conduit and 
the hydrocarbon conduit are a combined conduit. 

9S. (NEW) The chemical process system of claim 1 . wherein the steam conduit and 
the hydrocarbon conduit are separate conduits. 

99. (NEW) The chemical process system of claim 1 , wherein the oxygen source 
conduit is adapted to supply air to the second set of isolated microchannels, 

100. (NEW) The chemical process system of claim 1 7, wherein the steam conduit and 
the hydrocarbon conduit are a combined conduit and the steam manifold and the 
hydrocarbon manifold are a combined manifold. 

101 . (NEW) The chemical process system of claim 17, wherein the steam conduit and 
the hydrocarbon conduit are separate conduits; and wherein the steam manifold and the 
hydrocarbon manifold are separate manifolds. 

1 02. (NEW) The chemical process system of claim 1 7> wherein the oxygen source 
conduit and oxygen source manifold are adapted to supply air to the second set of 
microchannels and the fourth set of microchaiinels. 

1 03. (NEW) The chemical process system of claim 1 , wherein the first set of isolated 
microchannels and the second set of isolated microchannels include an arrangement of 
repeating units. 
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1 04. (NEW) The chemical process system of claim 1 03, wherein one of the repeating 
units includes 

a reactant microchannel and a product microchannel of the first set of isolated 
microchannels, and 

a fuel microchannel, an oxygen source microchannel, and a product microchannel 
of the second set of isolated microchannels; and 

wherein the reactant microchannel of the first set of isolated microchannels is 
adjacent the fuel microchannel of the second set of isolated microchannels. 

105. G^EW) The chemical process system of claim 1 04, wherein the oxygen source 
microchannel interposes the fuel microchannel and the product microchannel of the 
second set of isolated microchannels. 

106. (NEW) The chemical process system of claim lOS, wherein the repeating unit 
includes 

two reactant microchannels of the first set of isolated microchannels interposed by 
the product microchannel of the first set of isolated microchannels, 

two oxygen source microchannels of the second set of isolated microchannels 
interposed by the product microchannel of the second set of isolated microchannels, and 

two fuel microcharmels of the second set of isolated microchannels interposed by 
the two oxygen source microchannels of the second set of isolated microcharmels and the 
product microchannel of the second set of isolated microchannels. 

107. (NEW) The chemical process system of claim 17, wherein the first set of 
microchannels and the second set of microchannels include an arrangement of repeating 
units. 

108. (NEW) The chemical process system of claim 1 07, wherein one of the repeating 
units includes 

a reactant microchannel and a product microchannel of the first set of 
microchannels, and 
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a fuel microchaimel, an oxygen source microchannel, and a product microchannel 
of the second set of microchatmels; and 

wherein the reactant microchannel of the first set of microchannels is adjacent the 
fuel microchannel of the second sec of microchannels. 

1 09* (NEW) The chemical process system of claim 108» wherein the oxygen source 
microchannel interposes the fuel microchannel and the product microchannel of the 
second set of microchannels. 

110. (NEW) The chemical process system of claim 109, wherein the repeating unit 
includes 

two reactant microchannels of the first set of microchannels interposed by the 
product microchannel of the first set of microchannels, 

two oxygen source microchannels of fhe second set of microchannels interposed 
by the product microchannel of the second set of microchannels, and 

two fuel microchannels of the second set of microchannels interposed by the two 
oxygen source microchannels of the second set of microchannels and the product 
microchannel of the second set of microchannels. 
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